Modelling and Forecasting Turkish Residential Electricity Demand
( FCO, 2010) . The first attempt to produce electricity in Turkey was during the Ottoman Empire era at the beginning of the 20 th century. In 1902, electricity was first generated and distributed to households by connecting a 2 KW dynamo to a watermill. Technical knowledge at that time was limited; therefore, the Ottoman Empire targeted foreign investment in order to finance electricity generation. To help facilitate this, the 'Privileges for Public Wealth' law was introduced in 1910, giving privileges to electricity generation companies such as the Hungarian Ganz Partnership that, with a Hungarian and Belgium bank, established the 'Ottoman Electricity Stock Company'. As a result, in 1913 the first large scale electricity power plant (13.4 MW) was built in Silahtaraga, Istanbul. This was followed by construction of further power plants in Anatolia (Dolun, 2002 and TEI, 1972) .
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When the Turkish Republic was founded in 1923, the installed electricity capacity for Turkey was 33 MW with production around 50 million kWh. The privileged contracts for foreign electricity generation companies were approved by the new Turkish Republic Administration, but only for a temporary period, acknowledging the lack of technological knowledge within
Turkey at that time. The privilege contracts were designed to favour generation companies by indexing the electricity prices to gold prices. Given this, electricity prices were high in the early republican era leading to some electricity intensive industrial factories building their own power generation facilities. This allowed them to produce electricity for their own use and to supply to local households located nearby these facilities 1 (Dolun, 2002 and TEI, 1972) .
Given that the foreign private firms involved in the Turkish electricity industry at this time aimed at maximising profits, they were reluctant to invest in rural areas, thus slowing down both the increase in electricity generation and electrification. Therefore, the Etibank (a governmental entrepreneurship) was established in 1935 to operate in the electricity generation and mining sectors. In the same year the Electric Power Resources and Survey
Administration was also established with the remit to examine electricity generation opportunities from hydro and other fuels. In addition, starting in 1938 thru 1944 the power plants operating under the control of the foreign concessionary private companies were bought by the Turkish government and were given to the municipal administrations for management. Furthermore, in 1957, the Turkish government established a new organization namely the Energy and Natural Resources Department, responsible for coordinating the activities of electricity generation and distribution companies and the Ministry of Energy and Natural Resources was founded in 1963 to administer Turkish energy policies (Dolun, 2002 and TEI, 1972 TETC was assigned responsibility for transmission and balancing and settlement procedure in order to balance power operation between parties, covering both the physical and financial aspects of transmission operation; hence, TETC became the transmission system operator for Turkey (Dolun, 2002) .
The history and development of the Turkish electricity industry, discussed above, has been driven by past governments' concerns with meeting the growth in electricity demand in order to maintain economic growth and raise the living standards of the Turkish people. This remains true today for the present Turkish government. Therefore, given that the Turkish electricity industry remains under state control, with only, limited genuine market activity, it is vital that Turkish policy makers understand the main characteristics of electricity demand and the key drivers of both past and future of electricity demand. Residential electricity is a 'derived demand', not demanded for its own sake but for use with household appliances to produce energy services such as lighting, heating, cooling, etc. In 1970 just over 50% of the Turkish population benefited from accessing electricity but by 1987 it had almost reached 100% (Altas et al., 1994) . In the early part of this period, electricity was generally used for lighting but use expanded for a range of other household energy services in the latter part with the installation of new appliances such as TVs, refrigerators, etc. It is commonly expected that higher household income and expenditure will result in higher demand for the services emanating from these kinds of appliances, which use electricity. In the short term, this is likely to boost electricity consumption but in the longer term higher income is likely to result also in households replacing appliances that use old technologies with new more efficient ones that might have a lessening effect on electricity consumption. It is therefore important for policy makers and planners to have some idea of the short and long run income and expenditure elasticities. Figure 1 illustrates the annual changes in residential electricity prices along with the annual changes in electricity consumption and total household expenditure. (IAE, 2010) . Consequently, Turkey might well face future international pressure to set emission targets. In the short term, the Turkish government's priority is to meet growing energy demand, but in the long term, ignoring these global trends might be costly both politically and economically. However, in order to reach a balance between securing electricity supply to meet demand and transforming the power generation to a more sustainable level, the Turkish government requires sound and reliable electricity demand projections to underpin their planning activities. However, as stated above, this has not always been the case, so that given residential electricity consumption has a significant share in total electricity consumption, it is important that Turkish policy makers understand what drives residential demand and more importantly how it might evolve over the next 10 years or so.
Energy modelling prepares for possible future outcomes, allowing predictions to be made and enabling decisions to be taken for the preparation and financing of measures including development of necessary natural resources, utilization of new technologies, evaluation of energy generating and energy consuming assets (McVeigh and Mordue, 1999) . Furthermore, as stated above, in order to help achieve sustainable Turkish economic growth accurate and reliable energy demand forecasts are very important in order to develop appropriate policies such as electricity price regulation, power investments, long term import contracts, energy efficiency measures etc.
The aim of this study therefore is to investigate how the structural time series methodology performs in terms of modelling past residential electricity demand (by estimating the key household total final consumption expenditure and price elasticities and the underlying energy demand trend) and forecasting Turkey's future residential electricity consumption.
The primary motivation is to produce better projections of residential energy demand, to aid policy makers and planners and hence the future welfare of the Turkish economy.
In the next section, the previous Turkish energy demand studies are discussed followed by Section 3, which summarises the key previous literature. Section 4 outlines the methodology used in the paper, followed by Section 5 that discusses the data used for the analysis and presents the results of the estimation. Section 6 presents the future scenarios and the final section concludes.
Previous Turkish Energy Demand Studies
There are only a limited number of previous Turkish electricity demand studies, with the majority being undertaken by governmental organizations such as the State Planning Organisation (SPO), the State Institute of Statistics (SIS) and the Ministry of Energy and Natural Resources (MENR) (Ediger and Tatlidil, 2002) . The MENR utilized different models in order to determine energy demand functions and to make future projections. For instance, 'Balance' models (non-linear equilibrium models that match energy demand with available resources and technologies) and 'Impact' models (that focus on the relation between energy consumption and its interaction with the environment) were employed in the framework of the Energy and Power Evaluation Program (ENPEP). Both models were used for producing long-term supply and demand projections between 1981 and 1985. was developed by the commission of the European Union starting from 1984 (Ediger and Tatlidil, 2002) .
At the same time, the SPO also developed its own models based on sectoral energy demand for different consumer groups and subgroups with mathematical models developed for each sub group by regression. On the other hand, the SIS explored the relationship between demographic factors and economic parameters with energy demand in its models. Both of the models explored by SIS and SPO verified the relationship between energy demand and GDP (Ediger and Tatlidil, 2002) .
Overall, all these Turkish electricity demand forecasts from the above studies foresaw electricity demand being somewhat greater than it actually turned out to be. According to Keleş (2005) , this is mainly due to "technical deficiencies of the models used, lack of ability of the relevant authorities in creating precise assumptions and not having transparency and accountability in the relevant processes" (p. vi). As a result of the these 'exaggerated forecasts', policies that were implemented (such as introducing the guaranteed BOO, BOT and TOOR projects) caused a significant proportion of electricity generation capacity of public power plants to remain idle, increasing the primary energy imports which Turkey does not need. These policies lead Turkey to be energy import dependent and therefore more vulnerable to external shocks and prevented energy markets from liberalizing (Keleş, 2005) .
Furthermore Ediger and Tatlidil (2002) stated that the values of the future predictions of demographic and economic variables used in the MAED models by SPO were significantly manipulated by government policies in line with high economic growth targets rather than reliable forecasts (Ediger and Tatlidil, 2002) .
Literature Review
In this section, previous Turkish residential electricity demand modelling studies and previous studies using the structural time series model of energy demand are reviewed separetely. A more detailed summary of previous energy demand modelling studies can be found at Dilaver and Hunt (2010) .
Electricity Demand Studies for Turkish Residential Sector
There are, as far as is known, only two previous energy demand modelling studies that focused on residential electricity consumption, namely Halicioglu (2007) and Hamzacebi (2007) Halicioglu (2007) investigated Turkish residential electricity demand using the Bounds Testing approach and found a range of estimated elasticities depending upon the number of lags chosen, such as:
-Short and long run price elasticities of -0.33 and -0.52 respectively.
-Short and long run income elasticities of 0.44 and 0.70 respectively.
Halicioglu (2007) argues that the urbanization rate is also a significant variable in determining Turkish residential energy consumption finding estimated urbanization short run and long run elasticities of 0.90 and 0.04 respectively. He also finds that the short run income and price elasticities are lower than the long run elasticities and argues that policy makers should consider this when implementing policy. He claims that in the short term the response to policy changes will be limited because of the fixed energy appliances.
Although Halicioglu (2007) contributes significantly to the exploration of the residential sector electricity demand modelling, it can arguably be improved in two main ways. Firstly, Halicioglu (2007) uses an energy price index rather than real electricity prices. Secondly, Household Total Final Expenditure probably represents household consumption capability better than Gross National Product per capita, which Halicioglu uses.
Hamzacebi (2007) In summary, Halicioglu (2007) investigated the relationship between residential electricity consumption and economic variables whereas Hamzacebi (2007) predicts the future residential electricity consumption. The research undertaken here, attempts to do both of these within a consistent framework and, as discussed above, arguably overcomes some of the shortcomings with both previous studies and hence improve both the understanding of past Turkish residential electricity demand behaviour and also provide better future scenarios.
In particular, this study uses real electricity price data rather than the general energy price index and the underlying energy demand trend is explored and illustrated, since this is seen as an important driver of residential electricity consumption. Furthermore, this study allows for the inclusion of economic variables and their impact on residential electricity consumption that arguably allows for a better understanding of residential electricity consumption both in the past and in the future.
Review of the Structural Time Series Model (STSM) and its Application to Energy Demand Studies

Structural Time Series Models
The basic concept of structural time series modelling is to decompose a time series into a trend component, seasonal component and irregular component. These models are described by Harvey (1989) as regression models in which explanatory variables are a function of time and parameter change over time. The structural time series model allows for the introduction of either a stochastic or a deterministic trend; however, arguably a stochastic trend is more successful in terms of determining structural changes in time series because of flexible nature of a stochastic trend (Rao, 2010) .
The main tool for estimating a STSM is the state space form, which is representation of the system at a given time point with a range of unobserved components including trend.
10
Once the state space form is formulated, unobserved components are estimated using the forward Kalman filter and backward Kalman smoother (Kalman, 1960) . This recursive procedure calculates the optimal estimator of the state vector. The hyper-parameters and other parameters of the model are estimated by a combination of maximum likelihood and the Kalman filter.
STSM in Energy Demand Studies
According to Jalles (2009) , the structural time series models are converted into behavioural models when they are also incorporated with exogenous variables (such as income and price).
Furthermore, these models can provide valuable information about underlying trends for 10 And seasonals if the data frequency is less than a year (but given annual data is used in this study, seasonals are ignored here).
policy makers. Therefore the application of structural time series models are becoming more popular in recent years in energy demand modelling (discussed further below). Harvey and Koopman (1993) was the first application of the structural time series modelling approach to energy demand modelling, investigating hourly electricity demand for north-west (2008), and Dilaver and Hunt (2010) . Moreover, in almost all cases a stochastic UEDT is favoured over a deterministic UEDT arguing that the stochastic form of the UEDT provides more information about the unobserved components that affect energy consumption. Therefore, the stochastic approach enables the creation of models that should arguably generate more reliable forecasts of energy demand. In the next section, the empirical framework of the STSM and UEDT, used in this study, is explained in detail.
Empirical Methodology
It is assumed that Turkey's residential electricity demand is identified by:
Where:
E t =Residential electricity demand.
Y t =Household Total Final Expenditure.
P t = Real residential electricity price.
= Underlying Energy Demand Trend for residential electricity.
For the econometric estimation of equation (1) a dynamic autoregressive distributed lag specification of Turkey's electricity demand function is assumed as follows:
where; A(L) is the polynomial lag operator 1 - The UEDT is stochastic and can be estimated by the STSM.
and e t =Ln (E t ) y t =Ln (Y t ) p t =Ln (P t ) B(L)/A(L)
where µ t and β t are the level and slope of the UEDT respectively. and are mutually uncorrelated white noise disturbances with zero means and variances and respectively.
The disturbance terms and determine the shape the stochastic trend component (Harvey and Shephard, 1993) . Where necessary the condition of normality of the auxiliary residuals (irregular, level and slope residuals) can be satisfied, by level and slope interventions (Harvey and Koopman, 1992) . These interventions give information about important breaks and structural changes at certain dates with the estimation period. In the presence of such interventions the UEDT can be identified as:
UEDT= + irregular interventions + level interventions + slope interventions (5)
The software package STAMP 8.10 (Koopman et al., 2007 ) is used to estimate the model and the results are given in the next section after discussing the data.
Data and Estimation
Data
Annual time series data from 1960 to 2008 for E (residential electricity consumption in 
Estimation Results
After eliminating the insignificant variables and including interventions in order to maintain the normality of residuals and auxiliary residuals, a summary of the preferred estimated The previous years' electricity consumption has a significant effect on residential sector electricity consumption the magnitude being just above 75%. In the short run, household appliances are fixed and given the derived demand nature of residential electricity, the short run impact of changes in prices and income is limited. However, in the long run households are able to change the appliances so that the household expenditure and price elasticities will be greater in the long run. (2); as χ2 (1); as χ2 (1) (2) and probabilities are given in parenthesis.
Figure 2: STAMP Prediction Test Graphics
The estimated results suggest that expenditure does not have a significant impact in the current year; that is the 'impact elasticity' is estimated to be zero. However, the impact of expenditure is estimated to come through during the next year; hence, this is interpreted here as the 'short run' expenditure elasticity of 0.38. This compares to the estimated 'impact/short run' price elasticity of -0.09. Whereas the estimated long run residential expenditure and price elasticities are 1.57 and -0.38 respectively. The estimated UEDT is the local level model that consists of a stochastic level but no slope and is shown in Figure 3 , which illustrates that the estimated UEDT decreases and increases over the estimation period. This UEDT would appear to reflect the compulsory electricity Altas et al. (1994) 13 The electricity cuts that were applied for couple of hours during the day decrease the level of total electricity consumption permanently by 12%. 
Forecasting Scenarios, Assumptions and Results
In this section, the forecast assumptions and future scenarios for Turkish residential electricity demand based on these assumptions are discussed and illustrated.
Forecast Assumptions and Scenarios
Three scenarios are implemented with different assumptions namely a 'low', 'reference' and 'high' case. In the 'low' and 'high' case scenarios, a combination of economic variables that drive electricity consumption are chosen in order to 'minimize' and 'maximize' future electricity consumption respectively. In the 'reference' scenario, what is seen as the 'most probable' outcome for these economic variables is assumed. However, given the 2009 nominal residential electricity price 14 is known, this is used in all the three scenarios. The detailed information about these scenarios is as follows:
 In the 'reference' scenario, it is assumed that real residential electricity prices will increase 1% annually from 2010 onwards. The Turkish Parliament ratified the Kyoto protocol and it is likely that the government will introduce some measures such as carbon taxes and incentives for renewables. These new policies will increase the end use prices of electricity. Although improving energy efficiency will reduce the cost, it is assumed that the real prices will still increase 1% annually. The increase of total household final consumption expenditure is assumed to be 1% in 2009 because of the global crises followed by a recovery period with an annual expenditure increasing by This assumption reflects the view that the 'electricity using' UEDT will continue but at a slower pace than the 'reference' scenario because of an increase in energy efficiency.
 In the 'high' case scenario, even though the Kyoto protocol was ratified by the Turkish parliament, and is likely to result in new carbon taxes, in this scenario it is assumed that the technical progress and increasing efficiency standards in electricity generation will decrease the cost. Consequently, it is assumed that these two factors balance each other out and the electricity price will increase only by 0.5% per year in real terms. It is assumed that total household total final consumption expenditure will increase by 1.5% in 2009 and 2.5% per year in 2010 thru 2012, followed by a 3.5%
per year increase in 2013 thru 2016. It is further assumed that the annual increase of expenditure will be 4% per year thereafter. Additionally, contrary to the 'low' case scenario, an 'electricity using' UEDT is assumed with a slope of 0.007 from 2009, assuming that the exogenous 'electricity using' behaviour for Turkish residential electricity demand increases at an even greater pace.
15 As opposed to the zero suggested by the estimation results.
The graphical presentation of residential electricity prices, household total final expenditure and UEDT for each scenario is presented in Figure 5 . (2007) argue that previous electricity demand forecasts for Turkey were mostly unsuccessful. A possible reason for this might be that the underlying energy demand trend, structural changes and breaks in energy consumption behaviour, and the impact of previous shocks were not adequately taken into account in the models underpinning the forecasts, and arguably they should be in order to make useful and usable forecasts. Since structural time series modelling enables the underlying energy demand trend to be estimated, it provides valuable information about the structural change and breaks in electricity consumption behaviour and adjustment process related to shocks to the system. It is therefore concluded that the STSM approach is the right solution for determining forecasts of future electricity demand.
This paper estimates the residential electricity demand function by using STSM approach. It is found that the estimated household total final expenditure elasticity is 0.38 in the short run and 1.57 in long run. Additionally, the short run and long run price elasticities are -0.09 and -0.38 respectively. Furthermore, this paper has uncovered the underlying energy demand trend for the Turkish residential sector, which is highly stochastic with increasing and decreasing periods.
The only previous study focusing on estimating a residential electricity demand function Halicioglu (2007) , found estimated short run and the long run price elasticities of -0.33 and -0.52 respectively. Although the estimated short run price elasticity is somewhat different to the -0.09 obtained here, the long run estimate is similar to the estimated -0.38 found here. This is probably due to firstly, the different real price variable used and secondly the inclusion of the UEDT in this study. Arguably, the more relevant price variable and the inclusion of the UEDT in this study render it more appropriate and therefore more reliable.
Additionally, Halicioglu (2007) found the estimated short run and long run income elasticities to be 0.44 and 0.70 respectively. Although the estimated short run expenditure elasticity of 0.38 found here is similar to that of the income elasticity in Halicioglu (2007) , the estimated long run expenditure elasticity of 1.57 differs considerably. These differences are probably due to first, the different activity variables used and second, as with price, the inclusion of the UEDT in this study. It is believed that the expenditure variable used for economic activity here is more appropriate.
The trend in Turkish residential electricity consumption was generally diminishing between 1971 and 1983 (except for 1974, 1975, 1976 and 1981) and, as discussed above, probably reflects the compulsory conservation measures (in addition to the impact in 1973 identified by the irregular intervention) that were adopted by the government between 1971 and 1983 and identified by the STSM. This arguably illustrates the power of this approach in distinguishing the structural changes of demand behaviour. In addition, after the end of these compulsory conservation measures starting from 1982, the UEDT follows a generally increasing trend until 1996 and follows a stochastic movement afterwards until the end of estimation period.
Given the analysis undertaken, it is expected under the different forecast assumptions that the Turkish residential electricity consumption will be between 48 and 80 TWh by the year 2020.
There is only one previous forecast study, Hamzacebi (2007) , which predicted that residential electricity consumption would be 257 TWh in 2020, which is noticeably greater than even the high case scenario of this study. This forecast is arguably highly unlikely and unreasonable.
Hamzacebi (2007) does not investigate the relation between economic activity and residential electricity consumption but as was explained earlier, electricity demand is highly affected by economic activity. Thus, any forecast that ignores this effect will arguably lead to a misleading outcome.
On the other hand, the Kyoto protocol was ratified by the Turkish Parliament in 2009. The
Kyoto protocol legally introduces compulsory commitments for the reduction of greenhouse gases. It is commonly expected that there will be a change in Turkish energy policy that might include the introduction of CO 2 taxes and energy efficiency regulations. With the efficiency regulations expected to have significant impacts on appliances with the introduction of more efficient standards for household appliances leading to less energy consumption in the longer term. However, the 'Copenhagen Accord' did not set any binding targets for developing countries. Therefore, it is not clear in the current situation how Turkey will act.
This study focuses on estimating an energy demand function for the Turkish residential sector, which is used to provide future scenarios of demand. Previous Turkish electricity demand forecasts always projected greater electricity demand than the actual outturn. It is argued here that this is mainly because of the shortcomings of the applied models, the inability of the authorities in establishing accurate assumptions and not having transparency and credibility during the application of the selected model. This study addresses some of the shortcomings of models by introducing the UEDT, which has an important impact on electricity consumption behaviour.
Having better knowledge about future demand, it will be possible to finance and develop the necessary measures with an optimum cost and over an optimum period that enables sustainable and cost efficient solutions for future electricity needs. For the sustainable economic growth of Turkey, accurate and reliable energy demand forecasts are very important in order to develop accurate policies.
